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Abstract of JP62241 389 
PURPOSE:To form a bistable laser by simple 



constitution by juxtaposing a region electrically 
isolated so as to be able to independetly inject 
currents in the direction of a resonator in a 
semiconductor laser. CONSTITUTION:An N-GaAs 
layer (Te-doped) for blocking currents is shaped 
onto a P-GaAs substrate 1, a V-shaped groove 4 is 
formed onto a mesa 3 in the layer 2, and inrush 
currents flow into a GaAIAs active layer 5 through 
the groove 4, thus generating laser oscillations. The 
mesa 3 is formed by etching the GaAs substrate 1, 
but the mesa is cut at two positions of A and B. 
Electrodes (N side ohmic electrodes) 6 are also 
separated at the cut positions, and grooves 7 
isolating the electrodes penetrate and etch an N- 
GaAs contact layer (Te-doped) 8, thus electrically 
separating regions on both sides of the grooves 7. 
That is, currents can be injected independently in 
each section of an electrode (a P side ohmic 
electrode) 9 on the substrate side and the 
electrodes 6. 
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PORBLEM TO BE SOLVED BY THE INVENTION 

A structure where a saturable absorber with a nonlinear transmittance is 
provided in a semiconductor laser resonator is suitable for an element using light for 
feedback, having a gain and being suitable for integration. 

MEANS FOR SOLVING THE PROBLEM 

Electrically isolated regions to enable electrical currents to be independently 
injected are provided in parallel along the direction of a resonator of a semiconductor 
laser. 

ACTION 

By controlling electrical currents injected into the electrically isolated regions, 
an excitation region and non-excitation regions are provided in the resonator. Causing 
the non-excitation region to act as a saturable absorber enables achievement of 
bistability in laser output. 

EMBODIMENT 

Fig. 1 shows the structure of a semiconductor laser element of one embodiment 
of the present invention. Formed on a p-GaAs substrate 1 is an n-GaAs layer (Te- 
doped) 2 for blocking electrical currents. In this layer 2, a V-shaped groove 4 is 
formed on a mesa 3, and injected electrical currents flow through this groove 4 into a 
GaAlAs active layer 5, thus generating laser oscillation. Mesa 3 is formed by etching 
of p-GaAs substrate 1, but the mesa is divided into sections at two places, A and B in 
Fig. 1. At positions of these divisions, an electrode (n-side ohmic electrode) 6 is also 
split. Since grooves 7 splitting the electrode etch through an n-GaAs contact layer 
(Te-doped) 8, regions of both sides of the grooves are electrically isolated. That is, 
electrical currents can be independently injected into an electrode 9 (p-side ohmic 
electrode) on a substrate side and each section of electrode 6. 
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Fig. 2 shows part of the manufacturing process of the present embodiment. 

(a) Mesa 3 is formed on p-GaAs substrate 1 by etching. The dimension of 
each portion is as shown in Fig. 2(a). Note that it is appropriate that the length of a 
resonator is 200 to 400 |am, and that of an edge surface of the resonator being a portion 
where the mesa is divided is 30 to 100 ^m. 

(b) N-GaAs layer 2 grows by liquid phase epitaxial growth so as to bury the 
mesa such that the surface becomes flat. 

(c) By etching, groove 4 and a ridge 10 are formed. After this, the second 
liquid phase growth is performed, causing a double hetero p-n junction including active 
layer 5 to grow. Then, electrode 6 is deposited, and is etched to form grooves 7, thus 
establishing electrical isolation. 

Fig. 3 shows bistable characteristics of a semiconductor laser device of the 
embodiment. The driving method is shown in Fig. 3(a). The central region is an 
excitation region, and the injected electrical currents are designated by I. The regions 
on both sides are in parallel, and electrical currents injected into the regions are 
designated by I\ Shown in Fig. 3(b), (c) are characteristics of bistability by driving of 
electrical currents. Hysteresis appears between electrical currents I and light output L 
in the excitation region, and bistability is seen in electrical current values in the 
hysteresis loop. The electrical current value and light output of the hysteresis loop can 
be controlled by electrical currents V of the non-excitation portions. The light output 
can be turned on/off by injecting of outer light. In this case, bias light with one output 
is incident on the edge surface of a bistable laser, and excitation electrical currents I are 
adjusted under this condition to bias the bistable laser in the hysteresis loop. This 
situation is shown in Fig. 4(a). Overlapping of the bias light with positive-negative 
optical pulses can trigger the bistable laser. Shown in Fig. 4(b) is an operation 
example of the bistable laser as an optical memory that turns on/off light output with 
optical pulses. 
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4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the structure of a semiconductor laser in 
one embodiment of the present invention. Fig. 2 is a perspective view showing part of 
the manufacturing process of the embodiment. Fig. 3 is a driving diagram and graphs 
showing bistable characteristics. 

1 P-GaAs substrate 
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Fig. 1 

1: P-GAAS SUBSTRATE 

2: N-GAAS LAYER 

3: MESA 

4, 7: GROOVE 

5 ACTIVE LAYER 

6: ELECTRODE 

8: CONTACT LAYER 

9: ELECTRODE 

Fig. 2(c) 
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